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(54) SEMICONDUCTOR DEVICE AND FABRICATION THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device having a 
heavily doped shallow junction impurity diffusion layer where junction leak is 
suppressed and a fabrication method thereof. 

SOLUTION: After a lightly doped impurity diffusion layer I03 having a 
shallow junction face 104 is formed by implanting impurity ions into a 
semiconductor substrate 101 at low concentration and then subjecting the 
substrate to quick annealing, an amorphous region 105 is formed at a region 
shallower than the junction depth of the lightly doped impurity diffusion 
layer 103 by implanting amorphous ions. Subsequently, the amorphous 
region 105 is implanted with impurity ions at high concentration and 
recrystallized through laser irradiation thus forming a heavily doped 
diffusion layer 107. The heavily doped diffusion layer 107 can be formed a 
diffusion layer having higher concentration than the degree of solid solution 
of silicon in a region shallower than the junction face of the lightly doped 
impurity diffusion layer 1 03. Furthermore, crystal defect being generated at 
the time of forming the heavily doped diffusion layer 107 does not exist on 
the junction face 104 between the lightly doped impurity diffusion layer 103 
and the semiconductor substrate layer 1 01 and since junction leak of the 
heavily doped diffusion layer 107 is suppressed, a heavily doped shallow 
junction can be realized. 
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i o i ccisaKo^wa* 
iio4 *«ts<e«simwb 1 o 3 *&aii,it9t* r 

fifcU L/^5±rr^l/7r^{fc««il 0 5(C*fbri* 

tyier^u? t x{fc«« 1 0 5 *WiBli{fcLTltHft£fi£ 
R110 7 tJBJSW*. BiSKffiffcJl 1 0 7 »{SteKt£ 

(saiftietui i o 3 i^^H i o i tcom^m 1 o 4 
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1 

&J14. mfie«?SSJ£tftH<!:-f*(cjf^Sti. fr^iiulB 

* ;veiii©w«M^OBulS¥^{*S«tc v - x • k u-< 

iSST*-^. mrtav-* • fw>«, Buta^i*s 
«©*M*«tcJ&SS*i. mffa¥^{*S«©ll?§SJi(± 

g. 

[sfjfcS 4 ] ^Jfe< i fcltrffi v - x 'FM >««± 

5 ] < 4 fcmrsay-x • F U -f >«*Jb 
Ktt. «(rffiiSiSSll£»»©^®±{c|(riaiSfSSai£SiUBi 

i>sci*«tita nwoji 3 x« 4 kib*s©*^^ 

So 

c m^s 6 ] ¥mi*mmtcm.mmo*m®z * > a 

AO. Jfco^T~-;Uffiai/TMiB#3»f*S«©Sl> 

r *)iy r y.it-?ZW»* W * >&A lx m 
*)iy 7 Mtwm. u— ?yb*mM\sxm$&T*:)\'V 7 

AO. *^oiuir--;^aL,-CHuia¥^*S«©a^ 

^zj*>&Auxm&imm(Dm'£i&L3£*)'bm> 
water 7 zimm&mmtzxmt . mriar^ 

^7 r *-fb«iHt£ U— tf3fc*JSS* L/-CHutaT^U7 r * 
ifc««*fWS«{ b 0 -CH5iiR*E«Jl*JBRjt-S- £XfI4 £ 
£t» c 4 4 * Z 49Mf#S«©«3i#ft. 
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iflccteCirmrfar*Ji'7 T ^^bf!li^©SifSB^<b4|i]B# 
t,cmiir^)vy r ;Mb«tt©«fflKI¥^4 BJSiHfcll 
4 C 4 4 T SW^I 7 Kf2iS©¥3?(*^ 

g©»3ttra. 

©ate. 4>& < 4 fcfifiET*;!/? r *{bfsiiiS©^ffi±K: 

ibu— tf3t4RSltr sxfitc*$ <-»•*: mriBT*;i<:7 r *{b 
io ejps4flriBT*;u7 r xa^ti-enitsaa-rsc 4 * 
mktr&ttsmi KKtt©¥*tt3RM©Mas#ffi. 
[^io] — mmm<Dmm»mm± cc y- h tcut 
Btavy- h*s*jUfiRLfca. friay- m@©wffi'j 

ifiawsiiti*. mriav-x- k w >mm^m 

Wft*ffi*«l>rMOS h9>yx**«ii-j-SCi«r 

4 r 4 ¥2§<*^g©iSiS^a. 

[ 19*1 1 1 ] -^*M©¥^(*S«± cc y- h *6iS 

20 Btacfy- h*«*?^fiSi/fcfft. mriay- h*e©w»j 

©BulB*^i*a«tcj§:>st^tSM©iS?^S©^Ftt!|355:ffi;X 

^^+*-c-^^>?iAL, *>o^jir--^aurfrfa 

*»#«*©«l,»t4««:»^*WT4ffi:»JB*»arr* 
XfI4. f9sBfi£lfcll{c*fL.-CfirgB¥*ft««*gS«rr* 

fi4. itrsey- hae©fflMK:iieigai*»6ft*'^Y f^ 
■cc^friar*^^ t ^fb«^©^s±tc«mat0^ 

30 -T£Xfl4. SiriBT*;U-7 7^{b^tcU-1f5fe^ffgt* 

L/-cirfBT^;u7 7 ^tmm^nm^toxisi&SMMSi. 
?9PaE-r*a««MtBi*i»*-r4xsi*^t?Mos f 

7 > y ^ $ zmikir h C 4 *&lt 4 -T 4¥^E»^g©S3 

ismm 1 2 ] -iSKWiMiicy- hmm 
wmtf- bmrntftmotc^ may- t-m&omm 

* & a * >£A 0 . j^o^a r - - a l xm ia 

40 ^#«*©ai,»tt«K:«^*W-r4Sfc|fcJi*jgfiW-4 
XfI4. BUlBffifoltc^torMgB^ftSSif^^r-t 
t Mt-?z>ww* 4 * >&A bT flnaffilKII©^ 

mt, mftay- ns©iJi(ci»F,%st-/ f^ 

ri»4friBT*;uy t ;Mbfif«i©3tffi±K:S>tf*gms ; F 
#*tt*^tf r*;U7 r ^©*«#j«*aW?RS*^4XS 

4, martyr xmmm&ifT**? r Mmm 

50 {bLrKta^£«EBi*jesR'r*XS4*^-CMOS h 



C3) 
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LTiws»ffc-r*i»#flii 2«:ia*<D¥an**eic«efi 

^«St'Mt 1 2 teiBtt©*»f***Dll 10 

[0 0 0 1 ] 

[0 0 0 2 ] 

[fi£*Of$JI5] MOS h^>i*X*Ttt, V- 

«c«<ifcR3ftTV-* • KU-f>46»Ji<D«d»3 
#8S<fc»J, 2¥tc^W5MOS h^>^X#<D!S*EMb 
Ccff«c^rJB^-r*;l/»»3^D*. c<Dtc&>. KiftS 
t*oai^©y-^. FW>«fW#»RS*rc 

(a) tC^*r<fc9CC v «^N1^>J3>1^6O10 
SlffitC^y ra^iT^U? y X{b*T& G e l?C?M 30 

TXfbSB«6 0 2*Jfcfi)W-*. JfcCvc, IS 9 (b) <D£ 

*fc£tf"n> (B) £-/*>&AU #nW*>i£AJi 
60 3«n. L**±r, H9 (c) OJ^c, 
? r y 3 >cDifc^^je B ^>> y n xdM&L£ 

2*we»{burpsaa;is«i6 0 4*jBjG»r4. c*ut 

<fc«3, OriBT^U^T^b^iSe 0 2lCttfcl,Xm^tiL 40 

SCD P Mffitftf 6 0 4 *»ffi-T 4 C 4 # oJfg £ 4 . 
[0 0 0 3 ] C©&ffirtt,-U-iP3fc4 

«wtOTr*^7T^b««6 0 2*»ea^br4i» 

tc % 7-t;l/7 7^t««6 0 2ii/y3>i«60 1i 
QWmtCtiaaM 6 0 6^0, U*» C OttAftffi 6 

oe«r*;b7T^{b«H«6 0 2ccSPtj£or^s^ 

ifrSScDP^ffiiW16 0 4i5/y n>S«6 0 1 4cd^ 50 
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A, C©*SftfcN66 0 6*aLranB?*B»«;»Bo« 

^b©»ffii«M3tca{4atcrn«J:< , *©fc»K:w:iiu 
BLfcu— weojuwoaKRTA (*aaiiiftT-- 
;u> 2$<DT~-fr%n ^xjmw**sv ^iy^m<om> 

[0 004] C<D<fc5&C<fc#>6 % ffi*0MOSF7> 
^X^Tfcfc, S^ + *;bja«4MiWJ-rS^:»K:, LDD 

TTcfc^C, ^';3>ItS7 0lJ:^-Fi(6»g7 0 2 

a»y- ni7 0 3 i/ guiE v y ^ >s« 

7 0 HcT«^^;^'r-/^>SAl, ^o^jffi 
^©^{b(D/c^RTA^f^^(SiSS<Dffi;»B7 0 
4t»«r*. L*48L MS7 0 
*8JK<DtM F^*-;UX^-1f7 0 5 4W1 f©±t 

ojgtt{b©yfc«>cor^-^*tf ^ri«j*K©iitts«7 0 

6*Bf£L. V-X • KU>f>««7 0 7*JBfiR0*ri» 
4„ C<Dlt&, V-X • FU-Y>««7 0 7 il/TCO* 

a£ft©t£»« 7 0 6 ift *;u««<k com«:(B««r^ 
oSl>ffi^<0ifctSM7 0 4, «^i^Xf>V 3 > 

[0 00 5] L*>t/tt*S6. CCDX^X^>Va>fflisS 
7 0 4<Z>»JlSK:|SLr«. SulBL/c^^&c^^vaA^ 
{gx^^^L RTAOiS»<b*tf9iM!^*0. at* 

«ffi£tt4. l/c^ot, x^^f>'>3>W7 0 4 

oH**«±«cffitt{b'J-scittr*r. 

[0006] 

»*«*y-^*y>a<. u*>*>«HBR{b*iBi'r*fc» 



5 

W» {CES±f 4 C i ** T * «c «, > i i, » 9 mH** * S . 
[0 00 7 ] *^?8©gS*j«. Jg£ <)-WJ>te < . #> 

3«£*©ajffi2rffi*««-r*Ci:K:*S. #26 

i»JS£©v--*- KW>tt«*rWU $a.?i>*fr®m 

&fflfWI^*C4#W«&&MOS h 5>V>Z 9 
[0 00 8] 

[fSgf£ft?&-rS/c«>©3MS] #»JB©¥iSf**6«tt. 

o t ^{*S«©^(-»fiS(c*j^rftifa^{*aSic^ 
^-r atg&g&SfcB 4 -c«»a § n *>;F«^ite$tfi 

fc, ^bj©m osi-7>^$b, y- h m@©wwj 20 

»*S«©aB««(cjgRS3ti. milB¥^*S«©@j§ 
OW±©^#6t!l«tt*«r £S5*g£fc2;f&)l 4 . BtiBSfg 

BiTiBilirgefi£t5tB©^®±«:«(riBiStSSS£tStJB 4 PJ-*g 

ws©**»**«r*j^*l#— tttc^j* s nr 1 > 6 c 

iC 4#fiF*Lt,> <> S/c. 4>ft< itBulBV-^ • FU 30 

wswa *mimr&zk\x.\.*z>z. Limits. 

[0 00 9 ] Mn<DKU»(D9« . *i ©* 
•7ftari-*«i b r BuiB¥igf*»1g©»<,>&BK:JSi 

i«g©^*6^j«:^*>riA-r-5i!g«b. WiBr*;u7T 40 
*w*mm b l-c w«fltittwi*»fiw- 41a 4 **tt c 

[0010] *^HJ©M2©^att> 

«c*«K©*w»*ffi:£* r -f * >sau, *>oa 
■»j-*tti«i*jftatr*xa4 . d>& < 4 fcmria^Ji 

ffiAl/-CirSBffi»JB©S^ai3 «fc 9 r*;u 
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n< b u r igfsssttft n * 4 is <t * £ tf c 4 * « 
8i4-r-5. c©^2©^rffi-c». mmr^>vy 7 
^ib««*»fiRi/fcxs©«{c. d>&< tinner** 
7 t ^<b««©*ffi±«ci»wn*»j«-r aia***, 

{b$I^t©W$g B %{fc4|5]Bf (ch!)IBt*;U7 t *{btl«©* 
Btc#arss^fb**l^r4e4*«#su». $ 
e>«:. mi&T^&y r *<b«W*»jfcLfciH©a«:. 
< 4 4>giriar*;U7 r xffc««©«flSJbcc?WBJ* 

£tf 7*^7 r *®47gJfrrSIfi4$*, frtEU-lf 

3£4flasf-f sxig{c*jCi-cfltriEr^U7 t ;Mb{S«c4fr 
<«>. 

[0011] wffBLA:*^ia©*a40®*#RiL--CSS 

> (B) 4(Sftijl. {SF-xar-H'^>aA4tfor^ 

aWtf>?£AHl 0 2*0J?RU *>oRTA3?©7- 
-;i/*HI*JfcU'Cig 1 (b) ©J^cc. ffi«JTC*>-pa 

t»«^©a»i p^tutJii 0 3*»«K-r*. c©4#. 
* 1 pmmm 1 0 3 imrea^ u ^ >s« 1 0 1 4©w 

SCcg-^El 0 4*5fJfiSSn^. ^K. II (c)©«fc 

BuiE^ 1 PSaCtUI 1 0 3 ©*££&$ «fc 0 «>»l,>fl(««t 
T**y r xitZtiZ&fr-VJ *>&A?2>. chtcJ: 

0 . gafsm 1 pwm.i&m 1 0 3 »*©«£» s «fc 0 ^a 

t»«mw©««*r r Xfb^HS 1 0 5 <t 
S^-S„ L#>£±-e. 01 (d) ©J;-5tc, BJIE^l P 

msmm 1 0 3 icmAbic^mtm—m^mo^mm 

>aAS 1 0 6 *©f^, 01 (e)©J;-5 

tc. i(IBr*JU7rX{bffli|!(l 0 5 ©##&!»-$-£■&# 

■cu— tf**flM#i/r»i>w*tt©jKp>ffl;«». -i-tt 

h>^iS?fi^©^ 2 P^ffitftJl 1 0 7 4. B?IB L- 

AiJc^tC. U— «f^©R5HiC<fc«3^^g4g|}^e { JK 
LfcttJroKd >X«ftfe©WKJ*«ttfb-r S 4 . 

H)i*a-CL*>t>^ , ;3>©¥«r5tt<b*J:i5fclftt» 

l^iig©^ 2 PMffitftJl 1 0 7 «. V =3 >©@?gS ct 

•3 «> m^T-mmiMSivm. < $ n & c 4 «c % s . 

[0012112 (a), (b). (c) K-en-fhi 
l©(b), (d) . (e) ©SXflfcteWS^av© 
igg7 - n7 7 ^^Stira5. cn*6, fflaftt-c 

^o^t^^©^ 1 PMffiffcJI 1 0 3 *J&RRU;fcaw: % 
^©^<fc »3 feaolBlftftSr*^^ 7 X{b^ 10 5 4 

i/tMSh, 3&>ofriBT*jU7 t MlffiM i o 5 ecsj< 
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«!£©III2 PMffif&JI 1 0 7tt, ffeCcJBRjESnfefiailS 

©ar i pss««jb i o 3 om&m i o 4 <£ o c>s^«« 

UM^^ 0 l^ot, 1 PSIffitftiB 

1 0 3 £*i*BM)Sl»#2 PSSSSfSUB 1 0 7 tHWfcL 
r^W«StlS«*»flELtei*Cc. JM«0)lk2P31tt 

idio7 tmm.<om i pssittwa i o 3 £cd»bk 

rlSofg l PMffiffcJI l o 3ortmwcff&Lr« 
0, SttJVlPfittttSl 0 3iVU3>»*l 0 1 4 

©»^hi 0 4«:«ffaELrc»ttc^26 1 m§m.<Dm2 

[0013] H3«*«98©*2©^jS*^rHT* 
So S3 (a) ©J:5ec, NIV'J3>1I2 0 Ht*t 

oRTAte<fc9fSttfb*tT5C 
1 P^4£»JB 2 0 2 i&J&ls. mtZis y ^ >SS 2 0 1 
&©B«:Stem2 0 3JWMS3ft6. C(DllPM}m 
1»H4 (a) &C7jrTJ:5lC, 5/'Ja>ifi20 1©$ 

«ttl*«ffiflBJ:f3fe(5««r**. H3 (b) 

©J:5*c % «WEW1 PSltlWi2 0 2©SEtC»LrG 
ef 07* 7 ^Ifc-f *>*SK» 1 PMSJW2 0 
2O«*»SJ:0t>i»< ^*>ffiA-ra. ctucj;^ 
iluffiffl 1 PSStttMi 2 0 2 ©*ffi«©«#©##r *JU 

^{b««2 o 4 imaamiktMiL* #n >ob«k^ 

rffitfefbSft*. C trie J: 9. 13 (c) ASK. j^y 

KM 2 0 5tmSiSti&. (34 (b) «^(D<t £<D?|£g 
7 f P7 7 ^;l''CA^, 

[00 14] Uc^^t, C<Dm2<Djjmc£Z>m2P 

mmm2 o sw^rt, ffi»wcc(saiit©» i 

^12 0 2^, iS»«©«^»2PSffl:»J12 0 5 3W 

pssjhimb 205 ifiatto* i pmtmm 2 0 2t<D 
Wffi tc w , mr IB L fc 7 * ;u 7 r x j b& u - if *M*f cc 
«fc SStelMMbfcf* 5 te»^B*s* D **** C ©JSIifc 
PBWiS«KO»l PStttt»2 0 2<Drt»««*c?3Pau 
TfcO, 1 PfitWB2 0 2 tV'J 3>»S2 0 

1 t<Dm^m2 0 3CC«#fiEOTC^j:l^cesb, K?£g© 
HI 2 PMffiffcH2 0 5(C*5WS«^«J-^«ffll«(r*. 

So 
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[0015] 

^^»fflL//cmi<DHiSff^C*J^SMOS h^>^ 
(a)CD<t^iC, NSS2"J ^>lffi3 0 1 (OmMZmiR 

KtitLocos sec j: o m^-ftffitmm 3 o 2 * j& 
j&L/d£, «re«^fitm6itM3 0 2rKnsn&* 
^^©mriBNM^ y 3>ii 3 0 1 (owmitis »; =3 > 
10 BMfcBbfcfcft**'- htfcfSJiS3 0 3i, sj<ytxyp>* 

(bX&iSCC, W823R : F'»l»i«*W3 0 2 4y-h« 

1304 Ltc @ annate <t 9 f?lB-> y 3 >s® 

3 0HcSl«D>^lE13/cm 2 , IKeVT 
>f^>SA«f^l\ -ft>j*AI3 0 5^M« o 
H5 (c) ©cfcSK:* 1 0 00'C, lOse 
c©RTAftffll«ritLr(£affir*>o»^«^©»l P 
£«!£iWI3 0 6£ff2/5T£o SI 6 (a)OJ:5 

CC V 7^77X{t^t>6LtGe?:2E14/cm 
20 2 , 5KeV^ftt>ft>aAU SffiBflSfcaoPSS 
}£tfcJi3 0 60SM^^ fcai^fflffliJ©«««:7* 
^7 7Xlfcgi|i3 0 7iL/tMn. 8a»T, 5E1 
4/cm 2 , 0. 5KeVtPlWWD>^>ft 

[0016] H6 (b) ©<£*>£. ttG^yn 

>Sg3 0 llClCtUXT*:^? r Xitffi®3 0 7 0*^ 

sftv. -r&*>fei«aitt©»2 p^ffiffc/i 3 0 8 *j&a 

■rSo C*ricJ:«5 % vyn>©TWSttfb*J:0fc*^ 
30 ?gtt{bmr#n>-f ^>*«ffitt^b3n, *Ott*^U3 
>co@^gJ:0 bm>m&Vfrr>m^m2 P^feJ13 
08 ±LX&m2tiZ>o C<Dti&^ 8MBffiMBM>PS!l£ 
«(I3 0 6 <b— Wb^tl/c^S^O^l^PMcDV- 
X- FU>f>Il3 0 9^M5n5c 3^0C V ^®tc 

xm&Lxm&r- h^@3 o 4©wMtc©^-Y 

!f3 1 0^Mtl)o 06 (c) 

CDcfc^CC Office ^^>»©JBlB^feJRJIi 3 1 lfttt* 

^ojn<»teaor^^>4^y3>«:jsj£ur^^ 

40 >^y^-Y FBI 3 1 2 4J&53E-T4. CO^^>^yif-Y 
FH3 1 2tCcK0^- hm®3 0 4, SC/V-X ■ FU 
-f>««3 0 9tC®J^$tlS=J>^i7 hOffiJg^b^H 

iiTs 0 ^cd«. H*t**«pra3&s, ^®ocnp H i»jf!i 

[0017] CCDMOS h^>^X^r«, V-X • F 
U-f 3 0 9 tt t «^S^(DflH«K©» 1 PSattt 

so a3 0 6i, cticfco itmztitcmgk&om 



C6) 
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2PS21£ffcJ13 0 8±-eWm$ti2>tc&. ]S?iScD®2 
P BttK S 30 8t7^7 7^tl *-3?BSJM Mk U 
fcl»tettJifc«#£ D /cH^r % C ©IS JifcKtt V - 
x- FU-f>««3 0 9«:rt«3n*.IIWI«:*CftC4 
V-X- KU-f>««3 0 9 i^'j3>S«3 
0 l ±©^H«:£DSc&«:tt^fc«>, SS^y-** 
jq»Obte*«K-c*o»^y-^ • FW>WftWCTI 

*JU55&**IS±U ^o|g««SK*WJb4c<b3&S'C*, 10 
[0018] H7tt#«B8©SWE»2©*ffiK:J:0MO 

4 o i icmttm&mm4 o 2 *jbsslt:*^hr«*k 

-HS4 0 4«RSn, ^<Z)±~C, SBS6ftK:<fc 
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